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This invention relates to the preparation of 
polymeric materials and to the shaped articles 
ïormed therefrom. More particularly, this inc 
vention is concerned with the po!ymerization 
products of a polymerizable mixture comprisini 
a major proportion of acrylonitrile and a minor 
proportion of a mono-vinyl ether of an amino- 
alcohol or a salt thereof, in the presence or ab- 
sence of other mono-ethylenic compounds, which 
polymerization products are particularly adapted 
fo dyeing. This invention also deals with com- 
positions of these copolymers adapted to the 
formation of shaped articles and with processes 
for the conversion of these compositions fo 
molecularly oriented fibers, threads, bristles, 
mono-filaments and other shaped articles such 
as films and the like, which articles show im- 
proved dyeing properties. 
Generally, it has been known in the prior art, 
that certain polymers and copolymers of 
acrylonitrile may be adapted fo the preparation 
of shaped articles such as films, fibers, bristles, 
etc. For the preparation of molecularly oriented 
structures such as fibers, filaments or threads, 
copolymers of acrylonitrfle having high percent- 
ages of acrylonitrile in the polymer molecule; 
e. g., about 85 % or more, bave been regarded as 
desirable because of their higher softening points, 
thermal stability and tensfle strength. For some 
rime the use of certain nitrogenous and sulfur- 
containing solvents having toxic properties was 
known. Recently, however, more appropriate 
non-toxic solvents, notably ethylene carbonate 
and propylene carbonate, bave been suggested for 
use in preparing solutions and dispersions of 
polymers and copolymers containing at least 
«bout 80% acrylonitrile in the polymer molecule. 
By the use of these very effective solvents, 
molecularly oriented structures may readfly be 
prepared from acrylonitrile polymers and co- 
polymers. 
There is, however, a problem regarding the 
dyeing properties of polymers containing high 
percentages of acrylonitrile with or without other 
polymerizable compounds. If appears that these 
polyrners generally are difficult to dye in aqueous 
dye baths with many of the ordirmry water- 
soluble dyestuffs by the usual methods employed 
in the textile industry, because they are hOt easily 
penetrated by the dye solution. For example, 
U. S. Patent 2,431,956 issued to F. B. Moody, 
illustrates this difficulty of dyeing acrylonitrile 
fibers containing af least 85%, by weight, of 
«crylonitrile. 
Attempts fo reduce or eliminate this difficulty 
bave been made by incorporating in the acryloni- 
trile prior fo polymerization, certain amides such 
as acrylamide or methacrylamide, or nitrogenous 
esters such as N-dimethaminocthyl acrylat.e 
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2 
as to obtain mixed polymers or mixtures of co- 
polymers which might be more easily dyed. In 
general, however, the results bave not been en- 
tirely satisfactory since either the shrinking, 
5 softening or "sticking" point of the fiber bas 
been adversely affected or the dye uptake by the 
fiber bas been mediocre or spotty. Furthermore, 
on exposure fo weathering, sunlight, or repeated 
launderings with soap and water, most of the 
10 dyed fibers bave either faded or shown a leach- 
ing out or release of the dyestuff from the poly- 
mer. 
If has now been round that copol,mer com- 
positions of acrylonitrile and mono-vinyl ethers 
15 of amino-alcohols or salts thereof, may be pre- 
pared, which " compositions are particularly 
adapted fo dyeing and fo the formation of 
molecularly oriented shaped articles. Such arti- 
cles may be produced in accordance with this in- 
vention by dissolving the coploymer in a suitable 
20 
solvent, coagulating the copolymer into a shaped 
article and thereafter subjecting the article to 
such ïurther treatment, e. g., cold drawing, 
thermal stretching, heat treating, dyeing, finish- 
ing, etc., as may be necessary to give the article 
25 the desired properties. 
According fo this invention, new polymers are 
prepared by polymerizing a mixture of .Copoly- 
merizable monoethylenic compounds comprising 
acrylonitrile and a mono-vinyl ether of an amino- 
30 alcohol or a sali thereof. Suitable mono-vinyl 
ethers of amino-alcohols which are capable of 
being copolymerized with acrylonitrile fo give 
filaments that can be stretched fo give useful 
fibers of high-tensile strength and which can be 
35 easily dyed by most of the .known acid dyestuffs 
in a mariner analogous fo wool dyeing are those 
derived from primary, secondary or tertiary 
amino-alcohols. These ethers may possess more 
than one amino or hydroxyl group and may be 
40 aliphatic, aromatic, arylaliphatic, cycloaliphatic, 
or heterocyclic in character. The ethers of this 
invention have the formula 
x 
45 N--(A--O)--CHCH 
y/ 
wherein A is an alkylene group,  is an integral 
number, and wherein X and Y taken singly are 
50 members of the group consisting of hydrogen, 
alkyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, 
cyanoalkyl, cycloalkyl, aralkyl, furfuryl, pyridyl, 
aryl and aminoaryl radicals; and X and Y taken 
jointly form a saturated heterocyclic radical. 
55 X, Y and A can Possess up fo eighteen or more 
carbon atoms and can be interrupted by oxygen 
or nitrogen atoms. 
Typical amino-mono-vinyl ethers useful for the 



S 
purpose of this invention are mono-vinyl ethers 
of aliphatic-amino-alcohols such as, for example, 
the following: 
HN-- CH C IIi--0 -- C H= C H' 
CHNH--CHCH--O--CH=CH 
(CH)N--C HCH--O--CH=CH 
(CH)N--CH--C (CH)--O--CH=CH 
(CH)N--CHCH--O--C H:C H 
H0 CHCHNH--C HCH0--CH=CH" 
(CH)E--CHCHNH--CHCH--0--CH:CH 
H0 CH(CH) CHNH--CHCH0CHH 
[H0 CH(CH) CH]N--CHCH--0--CHCH 
(CH)CH 
--CHCHi--0--CH:CH 
CHi 
CH,-. 25 
CH 
(CHNCHCH CHï C.0 CHC H 
COe,H--CHCHOCH C.H 
(CH)N--CH--O--CHCHOCH=CH 
( CH)NCH C HiOffCH--C çi--OCHvC H 
CHO--C 
Other typicaI: amino.+monon-: ethers- suit 
ble for eïin the practice oflts:inventi0n 
for example, the. ollOing_: 
CHCH., 
0 N--CHCH0H:CHi., 
CHiCHe. 
O/ _C.H CHNH_C C H0 _C H C H i 
CHC 
c cco:cc. o 
C HgHCHCH0CHC H. 
N--NH--C HC H0  CH=C H 60 
HN@--NH--C Hn CH--O--C H=C H 65 
 CHE CH i 0. OE C.Hi  70 
ese ethers are obtainable: bY. reacg, the 
corresponoEng aminoalcoholswiacetylen¢; or 75 

4 
by reacting vinyl chloro-aliphatic ethers with 
ammonia or primary or secondary amines in the 
presence, of.. alkalies. 
Ttle amount.of the amino.-mono-vinylether de- 
sirable in the polymer varies inversely with the 
basic nitrogen content of the former; the great  
er its basic nitrogen content, the smaller thc 
amount_oftle ether required. About 10% or less 
of the amino-mono-vinyl ether based on the total 
.weight. ofmonomers used, is sufficient to give 
improveddyeing:properties with acid dyes, even 
amounts of from about 0.75% to 2% of the lower 
molecular weight:amino-mono-vinyl ethers such 
asI-INCH2 CH2--O--CH  CH2 and 
(CI-I3) 2N--CI-CH---O--CH= CH2 
being, effective in tllis respect. 
Int pJace  of-tle free bases one can use- the 
waersolublé- salts: of  thc aminomono-vinyl 
ethers-with inorganlc, or.organic acids. Typ.ical 
of these are  the  salts» with- hFdrochloric, sul- 
furic« phosphoricL nitric; or- boric acids- or thi 
saits; of  organic- mono- or- polycarboxylic acids 
offthealip_hatic; aromatic aryl-aliphatic, cyclo- 
aliphatic  or-hetemcyclics¢riestypcal of which 
are-ï0rmic;.acetic» propionic chioraceic, acrylic, 
methacrylic cro_tc, oteic; lauric;, stearic gly- 
cotic, lactic;- benzoic, plenytacetic, phthalic, 
naphthenic, ïuroic; maleic;  fuma-ric, itaconic, 
citraeonic, oxalic, succinic; adipic; sebacic acids, 
etc.. 
Shaped articles-maybefformedffrom solutions 
ofthe ahove mentioned copolymersby extrud- 
ing the solutions into suitable coagulatingmedia. 
If. desired coagulating ba%hs: comprising essen- 
tially watez or" coagulating baths comprising a 
watersotubl% aliphatic;, hydroxy-containing 
comppund maybe-used with- advantage. Fi!a- 
mentary materiats' produced by such methods 
may be orientedto formfibers having high ten- 
acity,_ higlL elastic recovery,, low shrinkage, etc. 
This _invention will be more ïully described 
by the following, examples which illustrate the 
use of. an amino-mono-vinyl ether or a salt there- 
of.toenhance the dyeing properties of the acry- 
lonitrfle polymers. It.is understood that the 
invention.is not intended to_.be limited by these 
examp!es.. Throughout. this. application "parts" 
and "percent'.' of materials is intended to mean 
p.ar.ts_ andp_erccntLby weight. 
EXAMPLE. I 
A mixture of ï 95 parts of  acrylonitrile-and 5 
parts., of'beta-morpholino-ethyl vinyl ether was 
55 added- gradually duringï the course of one hour 
to,a- stirred solution of50ffpartswater, 1.3parts 
of ammonium persulfate, 2.7 parts sodium bi- 
sulfite « and  5: parts of. emulsifler "Triton 720" [ a 
30%- solution of. 
under un. atmosphere: of nitrogen: The tem- 
peratuze: was: maintained- t 5760 °- C. during 
the'- addition and- foz' three hours, thereafter. 
Distilled water (S00--parts): was-added-.to rhin 
thé,. mixture and. the white" copolymer was fil- 
tered , off; waslled' thoroughly- with warm water 
and ch, ied for eighteen hours in an oven at 
7580°'C: The=yield offcopolymer was 82 parts. 
It:is, readfly: soluble'a¢ 115 Ci in gamma-vatero- 
lactone to.give a.10- solution; whereas a poty- 
mer, of:acrylonitrile alonemade under the same 
conditions hutwithout: ttIebet-morpholinoethyl 



vinyl ether was round tobe insoluble in gamma- 
valerolactone at the saine temperature and con- 
centration. This indicates that the product is 
a true copolymer of acrylonitrile and beta- 
morpholinoethyl vinyl ether. 
A 10 solution of this copolymer (average mo- 
lecular weight 95,000) was prepared in ethylene 
carbonate as a solvent and the solution poured 
upon a clean glass plate. The plate was placed 
in an electrically heated oven and the solvent 
was evaporated off in a current of air at 110 ° C. 
The film obtained was clear and colorless. If was 
stripped off from the glass by soaking in water, 
and air dried. Narrow strips of this film were 
drawn over a moral edge heated to 110 ° C., fo ton 
rimes their original length, thus forming molec- 
ularly oriented threads of high tenacity. Fila- 
ments or films thus prepared were dyed a deep 
fast green by boiling them for fifteen minutes 
in a dye bath containing 2% of sulfuric acid 
and 0.1% of the dyestuff known as Fast Acid 
Green B (Color Index No. 667). 
The dyed filaments and films thus obtained 
were thon washed and finally boiled with soapy 
water to remove any unabsorbed dye. They 
were thon air dried. The dry films and filaments 
were round to be evenly dyed a deep green com- 
pletely through and were fast to repeated laun- 
dering. 
In contrast to the above, the polymer of acry- 
lonitrile alone, or copolymers of acrylonitrile 
(95%) with vinyl chloride, vinyl acetate, methyl 
acrylate, acrylamide, methacrylamide, vinylidene 
chloride, styrene, or vinyl butyl ether (5%) made 
under the same conditions but without the bëta- 
morpholinoethyl ether gave films which could not 
be dyed .with Fast Acid Green B nor with other 
commonly used acid dyestuffs under the saine 
conditions. 
In place of the beta-morpholinoethyl vinyl 
ether, one can use beta-dimethylaminoethyl vinyl 
ether, beta-diethylaminoethyl vinyl ether, beta- 
mono- or diisopropylaminoethyl vinyl ether, beta- 
aminoethyl vinyl ether or beta-piperidinoethyl 
vinyl ether, and obtain white powdery copoly- 
mers similar in character fo the acrylonitrile- 
beta-morpholinoethyl vinyl ether copolymer. 
The following method for preparing beta-mor- 
poholinoethyl vinyl ether may be considered a 
general method for preparing these amino-mono- 
vinyl ethers. 
Preparaton o] bea-morpholinoehyl vinyl eher 
A mixture of 106 parts vinyl-2-chloroethyl ether 
(1 mole), 100 parts of morpholine (1.25 mole), 
40 parts oï sodium hydroxide (1 mole) and 320 
parts of water was boiled under reflux with good 
stirring for ten hours. On cooling two layers 
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and 0.20 part benzoyl peroxide was heated under 
nitrogen for twenty-four hours at 55-60 ° C. A 
clear viscous syrup of copolyrner was obtained. 
Films and fibers were prepared from this copoly- 
mer by diluting with ethylene carbonate and 
evaporating the solvent in the usual manner. 
They could readily be dyed with acid dyes such 
as Fast Acid Green B, Wool Orange 3G, Quinoline 
Yellow, Alizarine Light Blue B, Tartrazine C, Acid 
Black 10BN and other acid dyes by the procedure 
described in Example I. 

EXAMPLE III 

15 A series of twelve copolymers of acrylonitrile 
and beta-piperidinoethyl vinyl ether were pre- 
pared as described in Example I, containing from 
1% to 12%, by .weight, of beta-piperidinoethyl 
vinyl ether in the monomer mixture, in 1% incre- 
20 ments. The average molecular weight of these 
twelve copolymers varied from about 40,000 fo 
about 150,000. Each of these copolymers was dis- 
solved in ethylene carbonate and the solutions 
cast into rhin films. Ribbons and fibers were 
25 prepared from these films by hot stretching af 
140 ° C. It was round that appreciable dyeing of 
these fibers with acid dyes occurred when the 
proportion of beta-piperidinoethyl vinyl ether 
used was about 2% or more. As the proportion 
30 of beta-piperidinoethyl vinyl ether increased, the 
depth of dyeing of the copolymer with acid dyes 
such as Fast Acid Green B, Wool Orange 3G, 
Quinoline Yellow, Alizarine Light Blue B, etc., 
likewise increased, but the heat sensitivity of the 
35 films, ribbons and fibers prepared from these co- 
polymers progressively decreased. 
Copolymers of acrylonitrile and beta-piperi- 
dinoethyl vinyl ether prepared from mixtures con- 
taining more than 10% of the latter were too 
40 deficient in heat resistance fo be considered valu- 
able for preparing fibers of high quality, but may 
be used for films or coatings. 
The most desirable fiber-forming copolymers 
from the point of view of dye receptivity and dye 
retention as well as resistance to heat, were those 
45 made from about 3% fo about 7%, by weight, of 
beta-piperidinoethyl vinyl ether and correspond- 
ingly from about 97% to 93% of acrylonitrile. 
The piperidinoethyl vinyl ether used above was 
prepared by boiling 106 parts of piperdine, 106 
5O parts of 2-chloroethyl vinyl ether, 40 parts of 
sodium hydroxide and 320 parts of water for ten 
hours with rapid stirring under reflux. If is a 
colorless liquid boiling af 108 ° C. (50 mm.) Yield 
125 parts. 
55 EXAMPLE IV 

A series of seven copolymers were prepared 

formed. The oily upper layer was separted and each from 95 parts of acrylonitrile and 5 parts of 
each of the following amino-aliphatic vinyl 
distilled under reduced pressure. The pure prod- 60 ethers: 
uct having the formula 

CHCH 
0 / --CHCH--0--CH=CH. 
was a colorless liquid boiling af 114-115 ° C. (35 
mm.) Yield 60 parts. An additional quantity 
can be extracted from the lower aqueous layer by 
means of benzene. 
EXA_M-PLE II 
A mixture of 80 parts ethylene carbonate, 38 
parts of acrylonitrile, 2 parts of beta-diethyl- 
aminoethyl vinyl ether 
(CHs) N---CHCI-I--O--CH---- CH2 

(a) HO CHCH 
N--CHCH--0--CH=CH 
/ 
H0 CHCH 
(c) 
(d) (CH)CHCHOCHCHOCHCH 
(e) C«H--CH CHOCH:CH 
) C«H CHNH--CHC H--0--CHC H« 
(ç) (CH)N--CHCH--0--CHCH 
Each mixture was stirred with 300 parts of 
distilled war, 1 part of ammonium persulfate 
and 2 par of sodium bisulfite under an atmos- 
phere of nitrogen. e mperature was main- 



tained at 45-55 ° C. for twelve hours during the 
polymerization The- resultin copolymers were 
each dflutcd with-water and then filtered, off, 
washed and dried at-80 ° C. The white powdery 
copolymers possessed average molecular weights 
ïrom about 60,000 to 130,000. 
Flms and fibers were. ireiared ïrom these co- 
polymers by dissólving them in ethylene carbonate 
or propylene carbonate and evaporating thesol 
vent. They could readily be dyedwith the com- 
monly used acid dyes. 
In a similar manner, the other amino-mono- 
vinyl ethers as set forth hereincan be used to yield 
acrylonitrile copolymers that possess an enhanced 
affinity ïor acidor wool dyes. 
The products of this invention are: not limited 
to the modification oï polyacrylonitrile, but can 
also be used to improve the dyeing characteristics 
of various acrylonitrile copolymers containing 
minor quantifies (up to 10%) of vinyl, vinylidene, 
or other mono-ethylenic copolymerizable com- 
pounds, typical examp!es of which are vinyl 
ch!oride, vinyl fiuoride; vinylidene chloride, vinyl- 
idene fiuoride, methacrylonitrile, fumaro-dini- 
trile, acrylamide, methacrylamide, vinyl acetate 
or other vinyl estcrs, isopropenyl acetate,, vinyl 
ethyl ether or other vinyl alkyl ethers, styrene, 
vinyl ketones, acrylic acid, itaconic acid, citra- 
conic acid, maleic acid, fumaric aid and meth- 
acrylic acid or their esters. The presence oï 
amino-mono-vinyl ethers in the polymer molecule 
of such copolymers imparts similar improvement 
in dyeing characteristics as is evident in the co- 
polymers of the above examples. 
A typical example of such a dye.receptive tri- 
polymer system having solubflity in nitromethane 
and capable of being dry spun fom a spinneret 
into a current of heated air is a copolymer con- 
taining acrylonitrile, isopropenyl acetate and 
beta-piperidinoethyl vinyl, ether, which may be 
prepared as follows: 
A mixture of 88 parts of acrylonitrile, 8 parts 
of isopropenyl acetate and 4 parts of beta-piper- 
idinoethyl vinyl ether 
CH--CH 
CH / \N--CHC H- 0--CH=CH 
\ 
CH--CH 
was added dropwise to a stirred solution of 500 
parts distflled water, 2.7 parts ammonium per- 
sulïatc, l.S parts o sodium bisulfite and 5 parts 
of «Triton 720' emulsifier under an atmosphere 
of nitrogen ai 560 ° C. Aïter the addition, the 
mixture was stirred and. heated six hours longer 
ai 60 ° C., then filtered, washed and dried. A 15% 
solution of this tripolymer in nitromethane was 
prepared and spun into a current of heated air 
from a 40 hole spinneret fo give a filament 
capable oï being heatstretohed and heat-treated 
to produce a desirable fiber that is readfly dyed 
with acid dyes in an acid solution. 
EXAMPLE V 
Morpholinoethyl vinyléther hydrochloride was 
prepared by adding 4.06 parts beta-mozpholino- 
ethyl vinyl ether fo 2.6 parts concentrated hydro- 
chloric acid in 50 parts of water. The resulting 
hydrochloride was then mixed with a solution 
of 450 parts of water, 1.3 parts ammoniurn per- 
sulfate, 2.7 parts of sodium bisulfite, 5 parts of 
emulsifier "Triton 720" and 95 parts of acrylo- 
nitrile, and stirred rapidly while maintaining the 
reaction temperature at. 45-50 ° C. for six hours. 
The white powdery, copolymer was filtered off, 
washed and: dried, at. 80? C. Yield 94. parts-. 

Elms and flbers prepared therefrom were readily 
dyed in 2% sulfuric acid with Orange Y. 
EXANIPLE VI 
5 A mixture of 81 parts of beta-morpholino- 
ethylamine, 53 parts of 2-chloroethyl vinyl ether, 
20 parts sodium hydroxide and 160 parts of water 
was stirred and boiled under reflux for twelve 
hours. Thefree base was salted out by adding so- 
lO dium chloride and extracting with ether. Upon 
distillation in vacuum, beta-morpholinoethyl- 
aminoethyl vinyL ether. 
CHiCHe. 
0 / CHCH--NH--CHC H2--O--CH----C H 
CHCH 
WaS obtalned as  pale yeHow liquid boiling ai 
20 A mixtre.of 96 parts of acrylonitrile and 4 parts 
of. beta-morpholinoethylaminoethyl vinyl ether 
was added gradually, to a stirred solution of 500 
parts water, 2.6 parts of ammonium persulfate, 
and 1.3 parts of sodium bisuhïte under an at- 
mosphere ofnitrogen at 45-50 ° C. The mixture 
25 was maintained for six hours a 50 ° C., then 
filtered, washed, and dried. The white powdery 
copolymer obtained was dissolved in ethylene 
carbonate to give  15% solution and spun 
30 through a 40 hole spinneret into a bath of poly- 
glycerol at 140 ° C. The resulting thread was 
stretched 600% at 120 ° C., washed, dried, and 
reheated at 120 ° C. fo give a strong.fiber capable 
of being dyed with acid and basic dyes. 
The copolymers of this invention may be pre- 
35 
pared by any suitable method, for example, by 
mass polymerization, emulsion polymerization, 
etc. It may be advantageous to add various in- 
gredients fo the polymerizable mass such as 
catalysts, emulsifying agents, solvents, etc: Var- 
,t0 ious materials may also be incorporated in the 
copolymers. For example, plasticizers, lubri- 
cants, pigments, etc., may be added either fo the 
polymerizable mixture or to the copolymers to 
give special properties to the resultant product. 
,5 The molecular weights, of these polymers and 
copolymers are-preïerably within the range of 
10,000 to 250,000, or even higher, although 
polymers tiaving molecular weights between 
40,000 and 150,000 may be used with particular 
50 advantage in the production of shaped articles. 
Polymers having a molecular weight of less than 
50,000 may be-used for-such purposes as im- 
pregnants, solvent-resistant coatings, etc. The 
molecular weight ofthe copolymers is dependent 
55 upon the concentrations of monomers, the 
amount and. type of catalyst, the temperature of 
reaction, etc. 
Spinning solutions, of the copolymers of this 
invention may be prepared by heating the finely 
6O divided: copolymer in the presence of solvents 
such as the lower alkylene carbonates at tem- 
peratures from about 30 ° C. to about 100 ° C. 
In addition, suitable spinning solutions may also 
be prepared by polymerizing the acrylonitrfle- 
65 amino-mono-vinyl ether mixture in situ so that 
the polymer mass remains dissolved in the 
af0rementioned: carbonates, 
Examples of carbonates suitable for the prep- 
aration of these spinning solutions include 
7O ethylene carbonatc, propylene carbonate, tri- 
. methylene carbonate, l:3:butylene carbonate, etc. 
Compositions of this invention are useful in 
the preparation of' shaped articles such as fila- 
ments, films, sheets, tubes, etc. These com- 
75 positions are especially advantageous when 
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shaped articles are produced by wet or by dry 
spinning. The wet spinning may be accom- 
plished by extruding the polymer solution into 
hot water baths or into coagulating baths com- 
prising-water-s01uble, aliphatic, hydroxy-con- 
taining compounds including polyhydric alcohols 
and polyhydric alcohol derivatives such as, for 
example; ethylene glycol, .,3-butylene glycol, 
1,3risohexylene glycol, diethylene glycol, tri- 
ethylene glycol, polyethylene glycol, dipropylene 
glycol, tripropylene glycol, sorbitol (hexitols), 
glycerol, polyglycerol,, glyceryl.mono-ethers such 
as glyceryl monomethyl ether and glyceryl mono- 
ethyl ether, and glyceryl di-ethers such as 
glyceryl dimethyl ether. 
In addition,-these alkylene carbonate spinning 
solutions may in many cases be diluted with a 
volatile organic liquid such as nitromethane 
which is a non-solven for the polFmer, without 
precipitating the polymer. This is oftcn ad- 
vantageous, particularly for dry spinning. 
The dry spinning of the alkylene caronate 
solutions of the acrylonitrile-amino-mono-vinyl 
ether copolymers of this invention can be accom- 
plished by extruding into an evaporative atmos- 
phere, such as a current of heated air. In addi- 
tion, films and sheets, as well ai other molded 
articlesi may be cast from such solutions and the 
solvent removed by eva»orationl 
The resulting formed articles, especially fibers, 
may then be stretched u. to 600-1000% or more 
and thereafter heat treated in the stretched form 
ai ternperatures oî 100-150 ° C. These stretched 
articles, e. g. fibers, exhibit characteristic crystal- 
line X-ray diffraction patterns showing orienta- 
tion along the liber axis. This stretching may 
be accomplished in secondary baths containing 
materials simila fo those suitable for use as the 
coagulating baths of this invention, or in heated 
air or nitrogen. 
Fibers thus obtained show excellent dyeing 
properties toward most of the commonly used acid 
dyes. They are readily dyed, for example, by 
immersing them for a short rime in the hot 
aqueous bath of the acid dye, containing a smail 
quantity (1-2%) of sulfuric acid or other mineral 
acids, whereas fibers prepared from polyacryloni- 
trile itself or from well-known copolymers of ac- 
rylordtrile and vinyl chloride, vinyl acetate, vinyl 
alk.vl ethers, vinyl ketonei, vinylidene chloride, 
acrylic acid, methacrylic acid, and their esters or 
amides, styrene, and butadiene are practicaily 
unaffected by acid dyes under the saine condi- 
tions. 
Suitable acid dyes among many others which 
can be used as describid abovi for dyeing the 
acrylordtrile-amino-mono-vinyl ether copolymers 
are, for example, the following: 
Fast Acid Green B Indlan Yellow GA 
Amacid Milling Scarlet 3R Acid Magneta 0 
Quinoline Yellow Tartrazine C {]0 
Wool Orange 3G Acid Violet 4BNS 
Acid Brilliant Red 4BL Naphthol Yellow S 
Fast Wool Violet 2R Orange Y 
Acid Black 10BN Acid Scarlet 2B 
Brilliant Croceine 3BA Alizarine Light Blue B 
Fast Yellow YA 
The fibers prepared by the practice of this in- 65 
vention are especially advantageous because of 
their improved dyeing properties, resistance fo 
shrinkage, good heat resistance and tenslle 
strength. Moreover, these properties make the 
fibers desirable for use in the manufacture of 70 
hosiery and for such all-purpose fabrics as are 
used for blouses, shirts, suits, etc. 
I claire: 
1. As a new composition of marrer, a fiber- 
forming copolymer derived by the polymerization 75 
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of a mixture of copolymerizable monoethylenic 
compounds comprising acrylonitrile and an 
amino-vinyl ether compound selected from the 
group consisting of a mono-vinyl ether of an 
amino-alcohol and a water-soluble salt of a 
mono-vinyl ether of an amino-alcohol; said 
mono-vinyl ether having the formula 
x 
\N--(A--O)--CH=CH 
/ 
Y 
wherein A is an alkYlene group,  is an integral 
number, and X and Y taken singly are members 
of the group consisting of hydrogen, alkyl, hy- 
droxyalkyl, alkoxyalkyl, aminoalkyl, cyanoalkyl, 
cycloalkyl, aralkyl, furfuryl, pyridyl, aryl and 
aminoarYl radicals; and X and Y taken jointly 
form a saturated heterocyclic radical with the lV 
atom; said acrylonitrile in said mixture compris- 
ing af least about 80% of the total monomer 
weight and said amino-vinyl ether compound in 
said mixture comprising hot more than 10% of 
the total monomer weight. 
2. As a new composition of marrer, a fiber- 
forming copolymer derived by the polymerization 
of a mixture of copolymerizable monoethylenic 
compounds comprising acrylonitrfle and a water- 
soluble sali of 2-dimethylaminoethyl vinyl ether; 
said acrylonitrfle in said mixture comprising at 
least about 90% of the total monomer weight and 
said amino-vinyl ether compound in said mixture 
comprising hot more than 10% of the total 
monomer weight; said copolymer having a molec- 
ular weight between about 10,000 and 250,000. 
3. As a new composition of matter a fiber- 
forming copolymer derived by the polymeriza- 
tion of a mixture of copolymerizable monoeth- 
ylerdc compounds comprising acrylonitrile and a 
water-soluble salt of 2-diethylamino-ethyl vinyl 
ether; said acrylonitrile.in sid mixture compris- 
ing at least about 90% of the total monomer 
weight and said amino-vinyl ether compound in 
said mixture comprising hot more than 10% of 
the total monomer weight; said copolymer hav- 
ing a molecular weight between about 10,000 and 
250,000. 
4. As a new composition of marrer, a fiber- 
forming copolymer derived by the polymerization 
oï a mixture of copolymerizable monoethylenic 
compounds comprising acrylonitrfle and beta- 
morpholinoethyl vinyl ether; said acrylonitrile in 
said mixture comprising af least about 80% oï the 
total monomer weight and said vinyl ether com- 
pound in said mixture comprising hot more than 
10% of the total monomer weight; said copolymer 
having a molecular weight between about 40,000 
and 150,000. 
5. A molecularly oriented fiber which exhibits 
characteristic crystalline X-ray diffraction pat- 
terns comprising the copolymer as defined in 
claire 1. 
6. A molecularly oriented fiber which exhibits 
characteristic crystalline X-ray diffracion pat- 
terns comprising the copolymer as defined in 
claire 4. 
7. A molecularly oriented fiber which exhibits 
characteristic crystalline X-ray diffraction pat- 
terns comprising the copolymer as defined in 
claire 11. 
8. As a new composition oï marrer, a fiber- 
forming copolymer derived by the polymerization 
of a mixture oï copolymerizable monoethylergc 
compounds comprising acrylonitrile and a mono- 



Il 
vinyl ether of n amino -lcohol; said.mono-vinyl 
.etherhaving the formula 
.x 
N--(A--O).--OH--- CH 
¥/ 
wherein A ts an alklene group,  is an integral 
number, and X and ¥ taken singly are members 
of the group consisting of hydrogen, alkyl, hy- 
droxyalkyl, alkoxyalkyl, aminoalkyl, cyanoalkyl, 
cycloalkyl, aralkyl, furfuryl, pyridyl, aryl and 
aminoaryl radicals; and X aud ¥ taken jointly 
form a_sat_urated he.tero.cyclic.radical with the N 
atom; sai_d.acrylonirilein said mixture compris- 
-ing ai !easç abo.ut 80% oï .the toal monomer 
weigh and,s.aid amino-çjnyl ether compound in 
said mixture comprising-no.more than 10% oî 
the total monomer weight. 
9. As a new composit_i0_n O marrer, a fiber- 
forming c0polymer derivedby .the po]ymerization 
of a mixture of COpOlymerizable monoethylenic 
compounds c0mprising acrylonitrile and a water- 
soluble salt of a mono-inyl ether of an amino 
alcohol; said mono-'inyl .ether having the for- 
mula 
x 
wherèin A il an _iky_lene :group,  is an infegïal 
number, .apd Z ndY taken singly are members 
of çhe group consisçing of hdrogen, alkyl, hy- 
droxyalkl, alkoxylkyl, aminoalkyl, canoalkl, 
cycloalkyl, ara.lkl, furfurl, pridl, aryl and 
aminoaryl radicals; .and X and Y tken joinl 
form a _çurafed heterocyciic radical wiçh he N 
aom; said acrlonirile in sid mixture compris- 
ing af !easç bouç 80% of the tofal monomer 
weighç and said aminovinl eçher compound in 
sai.d mixture comprising no. more fhan 10% of 
he-toal monomer weighf. 
10. As a new composition of malter, a flber- 

12 
forming copolymer lerived by £he p01ymêrization 
of a mixture .of copolymerizble monoethylenlc 
compounds, comprising acryl0nitrile and 
soluble hydrochloric acid salt-of bêta-morpholino- 
ethyl vinyl ether; said acrylonitrile in said mix- 
ture comprising.at lèast .about.90% .of the total 
menomer.weight and:said amino-.vinyle.ther com- 
pound in saidmixture comprising hOt more.than 
10% of the totalmonomerweight;.said c0polymer 
having .a molecUlr ëigh:between .about ï40000 
and 150,000. 
11. As .a new composition of.matter, :a ..ber- 
forming copolymez derived by.the polymerlzaGon 
of a mixture of copolymerizable monoethylènic 
compounds comprising acrylonitrile ,anda water- 
soluble sulfuric acid salt of beta-morpholinoethyl 
vinyl ether; said acrylonitrile in :said mixture 
comprising ai least abou 90% of the total 
monomer weight and said amino-vinyl ether.com- 
pound in said mixture comprising not.more than 
10%of the total monomerweight; saidcopolymer 
having a molecular wéight.between about 40,000 
.nd-150,000. 
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